Development of a family of redox-sensitive green fluorescent protein indicators for use in relatively oxidizing subcellular environments.
Green fluorescent protein (GFP) indicators were previously developed that rapidly and quantitatively respond to changes in the thiol/disulfide equilibrium within subcellular compartments. In these indicators, surface-exposed cysteines residues were introduced so as to form a labile redox-active disulfide that in turn controls the emission properties of the internal chromophore. The biosensors have been shown to be effective reporters of the thiol/disulfide status within reducing compartments such as the mitochondria and cytosol for several cell types. However, due to the high thermodynamic stability of the introduced disulfide bond, the indicators are not useful for quantitative analysis within more oxidizing compartments such as the endoplasmic reticulum. Here we report the development of a new family of GFP-based redox indicators (roGFP1-iX) in which the thermodynamic stability of the disulfide is substantially lowered by insertion of a single amino acid into the main chain, adjacent to cysteine 147. The insertions result in indicators with midpoint potentials of -229 to -246 mV and are thus better suited for study of relatively oxidizing subcellular compartments. Atomic resolution crystallographic analyses suggest that two important factors act to destabilize the disulfide linkage in roGFP1-iX. In the oxidized state, an unusual non-proline cis-peptide bond adjacent to one of the cysteines introduces geometric strain into the system, while in the reduced state, a dramatic loop opening lowers the effective concentration of the reacting species.